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Abstract
Thispaperdiscussesissuesin building a54-thousand-word KoreanTreebankusinga phrasestructureannotation,alongwith developing
annotationguidelinesbasedon the morpho-syntacticphenomenarepresentedin the corpus. Variousmethodsthat wereemployed for
qualitycontrolarepresented.Theevaluationon thequalityof theTreebankandsomeof theNLP applicationsunderdevelopmentusing
theTreebankarealsopresented.

1. Introduction

With growing interestin Koreanlanguageprocessing,
numerousnaturallanguageprocessing(NLP) toolsfor Ko-
rean,suchaspart-of-speech(POS) taggers,morphological
analyzersandparsers,have beendeveloped.This progress
waspossiblethroughtheavailability of large-scaleraw text
corporaand POS taggedcorpora(ETRI, 1999; Yoon and
Choi, 1999a;YoonandChoi, 1999b). However, no large-
scalebracketedcorporaarecurrentlyavailableto the pub-
lic, althoughefforts have beenmadeto developguidelines
for syntacticannotation(Leeet al., 1996;Leeet al., 1997).
As a step towards addressingthis issue,we built a 54-
thousand-word1 KoreanTreebankusinga phrasestructure
annotationat the University of Pennsylvania,creatingthe
PennKoreanTreebank.At the sametime, we alsodevel-
opedannotationguidelinesbasedon the morpho-syntactic
phenomenarepresentedin the corpus,over the period of
Jan.2000andApril 2001.Thecorpusthatwe usedfor the
KoreanTreebankconsistsof texts from military language
training manuals. Thesetexts contain information about
variousaspectsof the military, suchas troop movement,
intelligencegathering,andequipmentsupplies,amongoth-
ers. This corpusis partof a Korean/Englishbilingual cor-
pora that was usedfor a domainspecificKorean/English
machinetranslationprojectat theUniversityof Pennsylva-
nia. Oneof themainreasonsfor annotatingthiscorpuswas
to train taggersand parsersthat can be usedfor the MT

1Thiswordcountis computedon tokenizedtextsandincludes
symbols.

project.
In this paper, we first discusssomeissuesin develop-

ing theannotationguidelinesfor POS taggingandsyntactic
bracketing. We thendetail the annotationprocessin � 3.,
including variousmethodswe usedto detectand correct
annotationerrors. � 4. presentssomestatisticsonthesizeof
thecorpus. � 5. discussestheresultsof theevaluationonthe
Treebank,and � 6. presentssomeof the NLP applications
wedid sofarusingtheTreebank.

2. Guideline development
Theguidingprinciplesemployedin developingthean-

notationguidelinesweretheory-neutralness(wheneverpos-
sible), descriptive accuracy andconsistency. To this end,
variousexistingknowledgesourceswereconsulted,includ-
ing theoreticallinguistic literatureon Korean,publications
on Koreandescriptive grammar, aswell asresearchworks
on building taggedKoreancoporaby suchinstitutionsas
KAIST andETRI (ETRI, 1999;Leeetal., 1996;Leeetal.,
1997;YoonandChoi,1999a;YoonandChoi,1999b).Ide-
ally, completeguidelinesshouldbe availableto the anno-
tatorsbeforeannotationbegins. However, linguistic prob-
lems posedby corporaare much more diverseand com-
plicated than thosediscussedin theoreticallinguistics or
grammarbooks,andnew problemssurfaceaswe annotate
more data. Hence,our guidelineswere revised, updated
andenrichedincrementallyasthe annotationprocesspro-
gressed. In caseswhereno agreementcould be reached
amongseveral alternatives, the one most consistentwith
the overall guidelineswaschosen,with the consideration
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that the annotatedcorpusmay be convertedto accommo-
dateotheralternativeswhenneeded.In the next two sub-
sections,we describein moredetail themainpointsof the
POS taggingguidelinesandsyntacticbracketingguidelines.

2.1. POS tagging and morphological analysis

Koreanis anagglutinativelanguagewith averyproduc-
tive inflectionalsystem. Inflectionsincludepostpositions,
suffixesandprefixeson nouns,andtensemorphemes,hon-
orifics andotherendingson verbsandadjectives. For this
reason,a fully inflectedlexical form in Koreanhasoften
beencalleda WORD-PHRASE (‘ 	�
 ’). To accuratelyde-
scribethischaracteristicof Koreanmorphology,eachword-
phraseis not only assignedwith a POS tag,but alsoanno-
tatedfor morphologicalanalysis. Our Treebankusestwo
major typesof POS tags: 14 contenttagsand15 function
tags.For eachword-phrase,thebaseform (stem)is givena
contenttag,andits inflectionsareeachgivenafunctiontag.
Word phrasesareseparatedby a space,andwithin a word-
phrase,thebaseform andinflectionsareseparatedby aplus
sign(+). In additionto POS tags,thetagsetalsoconsistsof
5 punctuationtags. An exampleof a taggedsentenceis
givenin (1).2

(1) a. Raw text:��
frequently

�������
com net-Acc

�������
.

operate-Decl

‘(We) operatecommunicationsnetwork fre-
quently.’

b. Taggedtext:��
/ADV

�����
/NNC+

�
/PCA���

/NNC+� /XSV+ � � /EFN./SFN

The main criterion for taggingand also for resolving
ambiguityis syntacticdistribution: i.e.,awordmayreceive
differenttagsdependingon the syntacticcontext in which
it occurs.For example,‘ ��� ’ (some time ago) is taggedas
a commonnoun(NNC) if it modifiesanothernoun,andis
taggedasanadverb(ADV) if it modifiesa verb.

(2) a. ��� /ADV � /VV+  /EPF+
�

/EFN
sometime agogo-Past-Decl

b. ��� /NNC+ ! /PCA "�# /NNC
sometime ago-Genpromise

One importantdecisionwe had to make was whether
to treatcasepostpositionsandverbalendingsasa bound
morphemeor asaseparateword. Thedecisionwemakeon
this issuewould have consequenceson syntacticbracket-
ing aswell. If we wereto annotatethemasseparatewords,
it would be only natural to bracket them as independent
syntacticunits,whichprojecttheirown functionalsyntactic
nodes.Althoughsomemayfavor thisapproachastheoreti-
cally moresound,from adescriptivepointof view, they are

2NNC andNNX arenountags,PAD, PCA andPAU arenoun
inflectionaltags,ADV is anadverbtag,XSV is a verbalizingsuf-
fix tag,EFN is a sentencefinal endingtag,andSFNis a punctu-
ation tag. For a detaileddescriptionof the tagset,see(Han and
Han,2001).

more like boundmorphemes,in that they are rarely sep-
aratedfrom stemsin written form, andnative speakersof
Koreansharethe intuition that they cannever standalone
meaningfullyin both written andspoken form. To reflect
this intuition, we havechosento annotatetheinflectionsas
boundmorphemesassigningthemeacha functiontag.

2.2. Syntactic bracketing

The PennKoreanTreebankusesphrasestructurean-
notationfor syntacticbracketing. Similar phrasestructure
annotationschemeswere also usedby the PennEnglish
Treebank(Marcuset al., 1993;Bieset al., 1995),thePenn
Middle EnglishTreebank(KrochandTaylor, 1995)andthe
PennChineseTreebank,(Xia et al., 2000b). This annota-
tion is preferableto a puredependency annotationbecause
it canencodericher structuralinformation. For instance,
someof the structuralinformation that a phrasestructure
annotationreadilyencodes,which dependency annotations
typically do not, are (i) phrasallevel nodelabelssuchas
VP andNP;(ii) explicit representationof emptyarguments;
(iii) distinctionbetweencomplementationandadjunction;
and(iv) useof tracesfor displacedconstituents.

Although having tracesand empty argumentsmay be
controversial,it hasbeenshown in (Collins, 1997;Collins
et al., 1999) that such rich structuralannotationis cru-
cial in improving the efficiency of stochasticparsersthat
aretrainedon Treebanks.Moreover, it hasbeenshown in
(Rambow andJoshi,1997)that a completemappingfrom
dependency structureto phrasestructurecannotbe done,
althoughthe other direction is possible. This meansthat
a phrasestructureTreebankcanalwaysbe convertedto a
dependency Treebankif necessary, but not the otherway
around.

The bracketing tagsetof our Treebankcanbe divided
into four types:(i) POS tagsfor head-level annotation(e.g.,
NNC, VV, ADV); (ii) syntactictagsfor phrase-level anno-
tation (e.g.,NP, VP, ADVP); (iii) function tagsfor gram-
matical function annotation(e.g., -SBJ for subject,-OBJ
for object,-ADV for adjunct);and(iv) emptycategory tags
for droppedarguments(*pro*), traces(*T*), andsoon.

In addition to using function tags,argumentsand ad-
juncts are distinguishedstructurallyas well. If YP is an
internalargumentof X, thenYP is in sisterrelationwith X,
asrepresentedin (3a). If YP is an adjunctof X, thenYP
adjoinsontoXP, a projectionof X, asin (3b).

(3)
XP

YP X

XP

YP XP

X
(a)Argument (b) Adjunct

Thesyntacticbracketingof example(1) is given in the
first treeof Figure1. This examplecontainsanemptysub-
ject,which is annotatedas(NP-SBJ*pro*). TheobjectNP
‘
�����

/NNC+
�

/PCA’ is assignedthe-OBJfunction tag,
andsinceit is an argumentof the verb, it is structurallya
sisterof the verb. The adverb ‘

��
’ is an adjunctof the

verb,andsoit is adjoinedto theVP, thephrasalprojection
of theverb.



(S (NP-SBJ*pro*)
(VP (ADVP

��
/ADV)

(VP (NP-OBJ
�����

/NNC+
�

/PCA)
(VV

���
/NNC+� /XSV+ � � /EFN))))

./SFN)

(S (NP-OBJ-1 $ � /NNC+
�

/PCA)
(S (NP-SBJ%�& /NPN+� /PCA)

(VP (VP (NP-OBJ*T*-1)
��' /VV+ ( /EAU))

/VX+ ' /EFN))
?/SFN)

Figure1: Examplesof syntacticbracketing

An example sentencewith a displacedconstituentis
given in (4). In this example,the objectNP ‘ $ � � ’ ap-
pearsbeforethesubject,while its canonicalpositionis af-
ter the subject. Displacementof argumentNPs is called
SCRAMBLING.

(4) $ � �
authority-Acc

%*�
who-Nom

��'+(
have

) ' ?
be

‘Who hastheauthority?’

In ourannotationin thesecondtreeof Figure1, theob-
ject is adjoinedto the main clause(S), and leavesa trace
(*T*) in its originalpositionwhich is coindexedwith it.

A potential causefor inconsistency is making argu-
ment/adjunctdistinction.To ensureconsistency in thistask,
we extractedall the verbsandadjectivesfrom the corpus,
andcreatedwhatwe call a PREDICATE-ARGUMENT LEX-
ICON, basedon Koreandictionaries,usagesin the corpus
andour own intuition. This lexicon lists verbsandadjec-
tiveswith their subcategorizationframes.For instance,the
verb‘

��� � ’ (operate) is listedasa transitiveverbrequir-
ingasubjectandobjectobligatoryarguments.Wealsohave
a notationfor optionalargumentsfor someverbs. For in-
stance,in (5), it is not clearwhether‘ ,�-/. ’ (to school) is
anargumentor anadjunct,whereas‘ 	�0 ’ (yesterday) and
‘ 132�4 ’ (we) seemto offer clear intuition as to their ad-
junctandargumentstatus,respectively. This is resolvedby
listing suchcategoriesasa locative optionalargumentfor
‘ � ’ (to go) in thepredicate-argumentlexicon.

(5) 132�4
we-Top

	�0
yesterday

,�-/.
school-to

5��
.

go-Past-Decl

‘We wentto schoolyesterday.’

In syntacticbracketing,while obligatoryargumentsare
annotatedwith -SBJor -OBJfunctiontag,if asentencecon-
tainsan optionalargument,it is annotatedwith a -COMP
function tag. Moreover, a missingobligatoryargumentis
annotatedasanemptyargument,but amissingoptionalar-
gumentdoesnot countasanemptyargument.

Another potentialcausefor inconsistency is handling
syntacticallyambiguoussentences.To avoid suchincon-
sistencies,we have classifiedthetypesof ambiguities,and

specifiedthetreatmentof eachtypein thebracketingguide-
lines. For example,a subsetof Koreanadverbscan oc-
cur eitherbeforeor after the subject. Whenthe subjectis
phonologicallyempty, in principle, the emptysubjectcan
bemarkedeitherbeforeor after theadverbwithout differ-
encein meaningif thereis nosyntactic/contextualevidence
for favoring one analysisover the other. In this case,to
avoid any unnecessaryinconsistencies,a ‘default’ position
for thesubjectis specifiedandtheemptysubjectis required
to be put beforethe adverb. An exampleannotationis al-
readygivenin Figure1.3

3. Annotation process
The annotationproceededin three phases: the first

phasewasdevotedto morphologicalanalysisandPOS tag-
ging,thesecondphaseto syntacticbracketingandthethird
phaseto qualitycontrol.

3.1. Phase I: morphological analysis and POS tagging

We usedan off-the-shelf Koreanmorphologicalana-
lyzer (Yoon et al., 1999)to facilitatethe POS taggingand
morphologicalanalysis.We ran the entirecorpusthrough
this morphologicalanalyzerand then automaticallycon-
vertedthe output POS tagsto the setof POS tagswe had
defined. We thenhand-correctedthe errorsin two passes.
Thefirst passtook roughlytwo monthsto completeby two
annotators.During this period,variousmorphologicalis-
suesfrom the corpuswere discussedin weekly meetings
andguidelinesfor annotatingthemweredecidedanddocu-
mented.In thesecondpass,whichwasundertakenin about
a monthfrom thecompletionof thefirst phase,eachanno-
tator double-checked andcorrectedthe files annotatedby
theotherannotator.

3.2. Phase II: Syntactic bracketing

Thesyntacticbracketingalsowentthroughtwo passes.
The first passtook about6 monthsto completeby three
annotators,and the secondpasstook about4 monthsto
completeby two annotators.In the secondpass,the an-
notatorsdouble-checkedandcorrectedthebracketingdone
duringthefirst pass.PhaseII tookmuchlongerthanPhase
I becauseall thesyntacticbracketinghadto be donefrom
scratch. Moreover, therewere far more syntacticissues
to be resolved thanmorphologicalissues. As in PhaseI,
weekly meetingswereheld to discussand investigatethe
syntacticissuesfrom thecorpusandannotationguidelines
weredecidedanddocumentedaccordingly. The bracket-
ing wasdoneusingthealreadyexisting emacs-basedinter-
facedevelopedfor PennEnglishTreebanking(describedin
(Marcuset al., 1993)), which we customizedfor Korean
Treebanking.Usingthis interfacehelpedto avoid bracket-
ing mismatchesanderrorsin syntactictaglabeling.

3.3. Phase III: Quality control

In orderto ensureaccuracy andconsistency of thecor-
pus, the entire third phaseof the project was devoted to
quality control. During this period, several full-scaleex-
aminationson thewholecorpuswereconducted,checking

3See(Hanet al., 2001)for thedocumentationof our syntactic
bracketingguidelines.



for inconsistentPOS tagsandillegal syntacticbracketings.
LexTract wasusedto detectformattingerrors(Xia et al.,
2000a).

3.3.1. Correcting POS tagging errors
Errorsin POStaggingcanbeclassifiedinto threetypes:

(a) assignmentof animpossibletagto a morpheme(b) un-
grammaticalsequenceof tagsassignedto a word-phrase,
and(c) wrong choiceof a tag (sequence)candidatein the
presenceof multiple tag(sequence)candidates.

Type (a) wastreatedby compiling a tag dictionaryfor
the entire list of morphemesoccurringin the corpus. For
closedlexical categoriessuchas verbal endings,postpo-
sition markersandderivationalsuffixes,all of themwere
examinedto ensurethatthey areassignedwith correcttags.
For open-setcategoriessuchasnouns,adverbs,verbsand
so on, only thoseword-tagcombinationsexhibiting a low
frequency countwereindividually checked.

Treatingtype (b) requiredknowledgeof Koreanmor-
phosyntax.First, a tableof all tagsequencesandtheir fre-
quenciesin thecorpuswascompiled,asshown in Table1.

Thosetag sequencesfound lessthan3 times were all
manuallycheckedfor theirgrammaticality, andcorrectedif
foundillegal. As anext step,asetof hand-craftedmorpho-
tacticruleswerecreatedin theform of regularexpressions.
Startingfrom the most rigorouspatterns,we checked the
tag sequencesagainstthe patternsalreadyincorporatedin
the setof grammaticalmorphotacticrules, expandingthe
setasneededor invalidatinga tag sequenceaccordingto
theoutcome.

Type(c), assignmentof a wrongtag in thecaseof am-
biguity, cannotbehandledby lookingat themorphemesby
themselves,but the syntacticcontext mustbe considered:
thereforethis typeof problemwastreatedalongwith other
illegalsyntacticstructures.

3.3.2. Correcting illegal syntactic structures
To correcterrors in syntacticbracketing, we targeted

eachlocal treestructure(parentnode+ daughternodes).To
do this, all local treestructureswereextractedin the form
of context-freerules(Table2). For local treeswith a lexi-
cal daughternode,thelexical informationwasignoredand
only POS informationon thenodewaslistedin therule.

The next steptaken was to definethe set of context-
freerulesfor Korean.For eachpossibleintermediatenode
label(phrasalcategoriesasS,NP, VP andafew lexical cat-
egoriessuchasVV andVJ) onthelefthandsideof therule,
its possibledescendantnodeconfigurationwasdefinedasa
regularexpression,asseenin (6):

(6) a. VP (shown in part):
(NP-OBJ(-LV)? 6 NP-COMP(-LV)?
6 S-COMP 6 S-OBJ)+ VV 7 S*

b. VV:
NNC(7 +XSF)?7 +XSV
6 ˆ VV 7 S* VV 7 S*$ 6 (VV )*(ADCP )?VV

Example(6a)shows thata local treewith VP astheparent
nodecanhave as its daughternodesany numbersof NP-
OBJ,NP-COMP, S-COMPor S-OBJnodesfollowedby a
VV node,which is thehead.

As with the caseof word-internaltag sequences,the
mostfrequentcontext-freeruleswereexaminedandincor-
poratedinto thesetof rulesfirst, andthissetgraduallygrew
asmoreandmoreruleswereexaminedanddecidedto be
included in the rule set or rejectedto be correctedlater.
As a result,a largenumberof illegal syntacticbracketings
were identifiedandcorrected.Particularly frequenttypes
of syntactictaggingerrorswere:(a) redundantphrasalpro-
jections(i.e. VP 8 VP), (b) missingphrasalprojections,
and(c) misplacedor ill-scopedmodifyingelementssuchas
relativeclausesandadverbialphrases/clauses.

3.3.3. Corpus search
We compileda list of error-proneor difficult syntactic

constructionsthathadbeenobservedto betroublesomeand
confusingto annotators,andusedcorpussearchtools(Ran-
dall, 2000)to extractsentencestructurescontainingeachof
themfrom the Treebank.Eachsetof extractedstructures
were then examinedand corrected. The list of construc-
tions we looked at in detail includerelative clauses,com-
plex nounphrases,light verbconstructions,complex verbs,
andcoordinatestructures.By doinga constructionby con-
structioncheckof theannotation,we wereableto not only
correcterrorsbut alsoenhancetheconsistency of ouranno-
tation.

4. Statistics on the size of the corpus
In this section,we presentsomequantitative aspectsof

the PennKoreanTreebankcorpus. The corpusis a rela-
tively small one with 54,528words and 5,083sentences,
averaging9.158 words per sentence. A total of 10,068
word typesarefoundin thecorpus,thereforethemeasured
type/tokenratio(TTR) is ratherhighat0.185.However, for
languageswith rich agglutinative morphologysuchasKo-
rean,evenhighertype/tokenratiosarenot uncommon.For
comparison,a comparablysizedportion(54,547words)of
the ETRI corpus,an annotatedcorpuswith POS tags,was
selectedand analyzed.4 This set contained19,889word
types,almostdoublethe size of that of the PennKorean
Treebank,asshown in Table3.

word
token type type/tokenratio

Treebank 54,528 10,068 0.185
ETRI 54,547 19,889 0.364

morpheme
token type type/tokenratio

Treebank 93,148 3,555 0.038
ETRI 101,100 8,734 0.086

Table3: Type/tokenratiosof two corpora

Takingindividualmorphemes,ratherthanwordsin their
fully inflectedforms, as the evaluationunit, the ratio be-
comesmuchsmaller: the PennKoreanTreebankyields a

4Total of 12 files: essay01.txt, expl10.txt, expl34.txt,
news02.txt,newsp05.txt,newsp12.txt,newsp15.txt,newsp16.txt,
novel03.txt, novel13.txt, novel15.txt and novel19.txt. For fair
comparison,the POS annotatedtext wasre-tokenizedto suit the
PennKoreanTreebankstandards.



Rank Count Count% Total% Entry

1 8647 15.85 15.85 NNC
2 5606 10.28 26.14 NNC+PCA
3 5083 9.32 35.46 SFN
... ... ... ... ...

221 1 0.00 99.99 NNC+XSF+CO+EPF+ENM
221 1 0.00 100 NNC+XSV+EPF+EFN+PCA

Table1: Frequency of tagsequences

Rank Count Count% Total% Entry

1 5993 7.72 7.72 S 8 NP-SBJVP
2 4079 5.26 12.98 NP-SBJ8 *pro*
3 2425 3.12 16.11 ADVP 8 ADV
... ... ... ... ...

1394 1 0.00 99.99 ADJP 8 VJ+EPF+EFN+PAU
1394 1 0.00 100 ADJP 8 S NP-ADV ADVP ADJP

Table2: Frequency of context-freerules

morphemetype/token ratio of 0.038 (93,148 tokens and
3,555types). Comparedto the sameportion of the ETRI
corpus,we can seethat the PennKoreanTreebankstill
showsa lower ratio: theETRI corpusshoweda morpheme
type/token ratio of 0.086(101,100morphemetokensand
8,734uniquemorphemetypes).

TheseresultssuggestthatthePennKoreanTreebank,as
a domain-specificcorpusin the military domain,is highly
homogeneousandlow in complexity at leastin termsof its
lexical content.TheETRI corpus,on theotherhand,con-
sistsof texts from differentgenresincluding novels,news
articlesandacademicwritings, hencethehighercountsof
lexical entriesperword token. In our futurework, wehope
to expandtheTreebankcorpusin orderto achieveabroader
andmoregeneralcoverage.

5. Evaluation
For evaluatingtheconsistency andaccuracy of theTree-

bank, we usedEvalb software that producesthree met-
rics, bracketing precision,bracketing recall and numbers
of crossingbrackets,aswell astaggingaccuracy.

For the purposesof evaluation,we randomlyselected
10% of the sentencesfrom the corpusin the beginning of
theprojectandsavedthemto a file. Thesesentenceswere
thenPOS taggedandbracketedjust likeany othersentences
in the corpus. After the first passof syntacticbracketing,
however, they weredoubleannotatedby two differentan-
notators.We alsoconstructeda Gold Standardannotation
for thesetestsentences.WethenranEvalbonthetwo anno-
tatedfilesproducedby thetwo differentannotatorsto mea-
suretheinter-annotatorconsistency. Evalbwasalsorun on
the Gold Standardandthe annotationfile of the 1st anno-
tator, andon the Gold Standardandthe annotationfile of
the2ndannotatorto measuretheindividualannotatoraccu-
racy. Table4 shows the accuracy of eachannotatorcom-
paredto the Gold Standardunder 1st/gold and 2nd/gold
columnheadings,and the inter-annotatorconsistency un-
der1st/2nd columnheading.It shows thatall themeasures

arewell over95%,taggingaccuracy reachingalmost100%.
Thesemeasuresindicatethatthequality of theTreebankis
morethansatisfactory.

Consistency Accuracy
1st/2nd 1st/gold 2nd/gold

Recall 96.60 97.69 98.84
Precision 97.97 98.89 98.84
No Crossing 95.89 97.57 97.53
Tagging 99.72 99.99 99.77

Table 4: Inter-annotatorconsistency and accuracy of the
Treebank

Most of theinter-annotatorinconsistenciesbelongedto
oneof thefollowing types:

9 In coordinatedsentenceswith anemptysubjectandan
emptyobject,whetherthelevel of coordinationis VV,
VP or S;

9 Whethera sentencehasanemptyobjectargumentor
not;

9 Whethera noun modified by a clauseis a relative
clauseconstructionor a complex NP;

9 Whethera verbis a light verbor a regularverb;

9 In a complex sentencein which thesubjectof thema-
trix clauseandthesubordinateclausearecoreferential,
whetheratopicmarkedNPis thesubjectof thematrix
clauseor thesubordinateclause;

9 In a sentencewith a topic marked objectNP andan
emptysubject,whetherthe objectNP hasundergone
scramblingover theemptysubjector not;



9 For anNP with anadverbialpostposition5, whetherit
is anargumentor anadjunct;

9 When an adverb precedesanotheradverb which in
turn precedesa verb, whetherthe first adverb modi-
fiestheadverbor theverb.

After theevaluationwasdone,asa final cleanupof the
Treebank,usingcorpussearchtools,we extractedandcor-
rectedstructuresthat belongto thosethat may potentially
leadto thetypesof inconsistenciesdescribedabove.

6. Applications of the Treebank
6.1. Morphological tagger

We traineda morphologicaltaggeron 91%of the54K
KoreanTreebankandtestedit on9%of theTreebank(Han,
2002). The tagger/analyzertakes raw text as input and
returnsa lemmatizeddisambiguatedoutput in which for
eachword, the lemmais labeledwith a POS tag and the
inflectionsare labeledwith inflectional tags. This system
is basedon a simple statisticalmodel combinedwith a
corpus-driven rule-basedapproach,comprisinga trigram-
basedtaggingcomponentanda morphologicalrule appli-
cationcomponent.

The tagsetconsistsof possible tag sequences(e.g.,
NNC+PCA,VV+EPF+EFN)extractedfrom theTreebank.
Givenaninputsentence,eachwordis first taggedwith atag
sequence.Tagsfor unknown wordsarethenupdatedusing
inflectionaltemplatesextractedfrom theTreebank.A few
exampletemplatesarelistedin Table5.

:<;*=��
VV+EPF+EFN:<;*=���>
VV+EPF+ECS:�:�?
VV+EPF+ENM:<@*= � VV+EPF+ECS:<@�A
VV+EPF+ECS:<@�B�C
VV+EPF+ECS

Table5: Exampleof InflectionalTemplates

Usinganinflectiondictionaryandastemdictionaryex-
tractedfrom the Treebank,the lemmaand the inflections
arethenidentified,splitting the inflectedform of theword
into its constituentstemandaffixes.This approachyielded
95.01%/95.30%recall/precisionon thetestdata.An exam-
ple input andoutputareshown below. Themorphological
taggerassignsPOS tagsandalsosplitstheinflectedform of
theword into its constituentstemandinflections.

(7) a. Input:
0D�FE�GIHKJ �ML (�N ;*=�� .

b. Output:
0 /NPN+� /PCA
E�G /NNC
HKJ /NNC+

�
/PCAL (�� /VV+
:

/EPF+
;*=��

/EFN
./SFN

5AdverbialpostpositionscorrespondtoEnglishprepositionsin
function,e.g.,‘- OQP ’ (to), ‘- RTS<U ’ (from), ‘- O ’ (in), etc.

6.2. Parser

TheTreebankhasbeenusedto train a statisticalparser
using a probabilistic Tree Adjoining Grammar (TAG)
model (Sarkar, 2002). The parseruses,as training data,
TAG derivationsautomaticallyextractedfrom theTreebank
with Xia’s (Xia et al., 2000a)LexTract.

In a probabilisticTAG (Schabes,1992;Resnik,1992),
eachword in the input sentenceis assigneda setof trees,
called elementarytreesthat it has selectedin the train-
ing data. Eachelementarytreehassomeword (calledthe
ANCHOR) in the input sentenceasa nodeon the frontier.
A derivation proceedsas follows: oneelementarytree is
picked to be the startof the derivation. Elementarytrees
are then addedto this derivation using the operationsof
substitutionand adjunction. Eachtree addedin this step
can be recursively modified via subsequentoperationsof
substitutionandadjunction.Onceall thewordsin theinput
sentencehave beenrecognized,thederivationis complete.
The parseroutputsa derivation tree, a recordof how el-
ementarytreesare combinedto generatea sentence,and
alsoaderivedtree(readoff from thederivationtree)which
corresondsto thebracketedstructureof a sentence.

Theparseris interfacedto themorphologicaltaggerde-
scribedin � 6.1. to avoid thesparsedataproblemslikely to
be causedby the highly agglutinative natureof words in
Korean.Theparseris ableto useinformationfrom compo-
nentpartsof thewordsthat the morphologicaltaggerpro-
vides. With this method,we achieved 75.7%accuracy of
TAG derivationdependencieson thetestsetfrom theTree-
bank. An exampleparseroutput of a derivation is given
in Figure 2. The index numbersin the first column, and
thelastcolumnof thetablerepresentthedependenciesbe-
tweenwords. For instance,‘ V�W (motun)’ has index 0
andit is dependenton the word indexed with 2 ‘ X�Y + 4
(tayho+nun)’. ‘ ZD[ + \ (pakwi+key)’ is the root of the
derivation,markedby TOP. Themorphemeboundariesin
thewordsin the2ndcolumnaremarkedwith + sign. The
3rd columncontainsthetagsequenceof theword, andthe
4thcolumnlists thenamesof theelementarytreeanchored
by theword.

7. Conclusion
We have describedin detail the annotationprocessas

well asthemethodswe usedto ensureinter-annotatorcon-
sistency and annotationaccuracy in creatinga 54K word
KoreanTreebank.6 We havealsodiscussedthemajorprin-
ciplesemployed in developing POS taggingandsyntactic
bracketingguidelines.Despitethe small sizeof the Tree-
bank, we were able to successfullytrain a morphologi-
cal tagger(95.78%/95.39%precision/recall)and a parser
(73.45% dependency accuracy) using the data from the
Treebank.They wereincorporatedinto a Korean/English
machinetranslationsystemwhichwasjointly developedby
theUniversityof PennsylvaniaandCoGenTex (Hanet al.,
2000;Palmeret al., 2002).

6Information on our Penn Korean Treebankcan be found
in www.cis.upenn.edu/˜xtag/koreantag/ , including
POS taggingandsyntacticbracketingguidelinesaswell asasam-
plebracketedfile.



Index Word POStag Elem Anchor Node Subst/Adjoin
(morph) Tree Label Address into (Index)

0 V�W DAN ] NP*=1 anchor root 2
1 Y/^ NNC ] NP*=1 anchor root 2
2 X�Y + 4 NNC+PAU _ NP=0 anchor 0 6
3 `ba ADV ] VP*=25 anchor 1 6
4 24 NNU ] NP*=1 anchor 0 5
5 c + . NNX+PAD ] VP*=17 anchor 1 6
6 ZD[ + \ VV+ECS _ S-NPs=23 anchor - TOP
7 d + '+e VX+EFN ] VP*=13 anchor 1 6
8 . SFN - - - -

Figure2: Exampleof derivationof a sentencereportedby thestatisticalparser

We planto releasetheTreebankin thenearfuturemak-
ing it available to the wider community. The corpuswe
used for the Korean Treebankis originally from a Ko-
rean/Englishparallelcopora,andwehaverecentlyfinished
creatinga Korean/EnglishparallelTreebankby treebank-
ing the Englishsideandaligning the two Treebanks.We
would liketo expandthesizeandcoverageof thecorpusby
treebankingnewswire corpora,employing as rigorousan
annotationmethodologyaswe did for the 54K Treebank.
We hopeto speedup theannotationprocessby automating
theannotationprocessasmuchaspossible(Cf., alongthe
lines describedin (Skut et al., 1997) for NEGRA corpus
at theUniversityof Saarbr̈uken),incorporatinga parseras
well asa taggerto theannotationinterface.
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